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INTRODUCTION 
The number of linkage studies made with the higher 
animals is small when compared with the work done with 
plants. Bateson and Punnett (1911) reported a case of 
reduplication (the English term for linkage). Emerson 
(1911) reported the first case of linkage in corn. Since 
then linkage has been found in the snap-dragon, primula, 
wheat, oats, sweet-pea, garden-pea, tomatoes, and many 
other plants. 
One of the first linkage papers on animals was 
published by T. H. Morgan working with Drosophila 
melanogaster. The four linkage groups are known in 
Drosophila melanogaster and many factors are known in 
each group. 
Linkage has been reported in such rodents as rabbits, 
rats, and mice, but not in guinea-pigs. There seem to 
be parallel series of factors in the rodents; this fact 
makes the lack of linkage in guinea-pigs the more remark- 
able. 
Ibsen (1923) furnished evidence of the independent 
assortment of six pairs of factors in guinea-pigs. 
Wright (1928) presented further evidence of the independent 
assortment of the same six factors and also two additional 
ones. 
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The present experiment has been in progress ten 
years, and at the present time 1,592 animals have been 
analyzed, a far larger number than has been previously 
used in linkage experiments with guinea-pigs. 
PURPOSE 
The purpose of the experiment was to determine the 
linkage relations of the six major color and coat pattern 
factors. They are: 
1. P - normal allelomorph of 2; 2.- pink eye. 
2. E - complete extension of black or chocolate 
in pigmented part of coat; eP - partial 
extension; e - non-extension. 
3. C - intense pigmentation, red present; Cr - non- 
yellow, (absence of red - white). 
4. A - agouti; a - non-agouti. 
5. B - black; b - chocolate. 
6. R - rough fur (rosettes present); r - smooth 
fur (absence of rosettes). 
METHODS 
When the linkage relations of two or more factors 
are studied the usual procedure in animals is to produce 
animals which are heterozygous for the desired factors. 
Then mate these heterozygous individuals to multiple 
recessive animals (the common term for this mating is 
the backcross). The linkage relations are obtained from 
the distribution of the offspring from the backcross 
mating. 
In producing the heterozygous males used in this 
experiment all the dominant factors came from the same 
parent, sometimes the male and sometimes the female 
parent. Heterozygous females were produced in the same 
manner. In the following diagrams A represents an animal 
carrying two or more dominant factors; aa represents an 
individual that is homozygous recessive for all the six 
factors used in this experiment. The four diagrams 
represent the four backcross matings employed, and show 
the kind of heterozygous animals used in each mating: 
1 . A & 0 - 7 x 
aalz 
2. aae cr.,7 x 
A 
aa 
aa 
3. aac'? x A 6'9 
aa v_ 
4 . aa x aa 077 
A 
4 
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The heterozygous animals are produced, as before 
mentioned, with the dominant factors from one parent and 
the recessive factors from the other parent so that when 
the gametes are produced the non-crossover gametes will 
contain either only dominant or only recessive factors. 
The crossover gametes, on the other hand, will contain one 
dominant and one recessive factor. 
When an animal which is heterozygous for six pairs 
of allelomorphs is mated to a sextuple recessive it is 
possible to study the linkage relations of fifteen com- 
binations of factors, two at a time. Many times it was 
impossible to produce an animal which was heterozygous 
for all six factors. This impossibility coupled with the 
epistatic effect of some of the factors made it necessary 
at times to study only part of the linkage relations. 
REVIEW OF LITERATURE 
Very few papers have been published on the linkage 
relations in guinea-pigs. Ibsen (1923) presented a paper 
upon the "Evidence of the Independent Inheritance of Six 
Pairs of Allelomorphs in Guinea-pigs." The factors 
worked with were: P and p, C and Cr, eP and e, B and b, 
A and a, and R and r. The evidence, though incomplete in 
some cases, indicates that all the factor pairs are inher- 
ited independently of each other. 
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In a more comprehensive paper, Wright (1928) pre- 
sented the linkage relations of eight pairs of allelo- 
morphs in the guinea-pig. Analysis of the data showed 
independent inheritance of the eight pairs of factors. 
The factors with which he worked were : P and E and eP, 
C and Cd, A and a, B and b, S and s, R and r, and Y and m. 
After analyzing the offspring from several matings 
in which the male parent was heterozygous for all eight 
pairs of factors and the female was a multiple recessive, 
he concluded that none of the factors were sex linked. 
Further proof of this conclusion was derived from the 
offspring of a female heterozygous for all eight pairs of 
factors that had been mated to a multiple recessive male. 
In Wright's data the monohybrid and dihybrid ratios 
show fifty per cent crossingover,or independent assortment 
in nearly every case. The apparent exception appeared in 
the crossover values between C and P. The heterozygous 
females produced 46.1 per cent crossover gametes, while 
the males produced 56.6 per cent crossovers. The crossover 
value for both sexes combined, however, is 50.6 per cent. 
The octohybrid ratio he obtained from 398 young 
showed no tendency for litter-mates to resemble each other 
any more than is expected by chance. The distribution of 
factors was random as well as the distribution of sex. 
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DISCUSSION 
The results of Ibsen (1923) and Wright (1928) showed 
independent inheritance of the factors p and a, E and e, 
C and Cr, A and a, B and b, and R and r. Further proof of 
the independent inheritance of these factors is furnished 
by the present experiment. 
In Table I is found a summary of the four crosses. 
An inspection of the table shows that none of the factors 
are sex-linked. The table also shows that there is no 
linkage between any of the six pairs of factors used in 
this experiment. There are several instances in which 
the two non-crossover classes are unequal in size. Some- 
times the two crossovers are also unequal. 
Table II is a condensation of the four crosses shown 
in Table I. In this table the variation in the size of 
the two non-crossover and the two crossover classes is 
more apparent. Some of these cases are due to the 
epistatic effect of one of the factors. This is especially 
true for the factors E and A. A acts only on B or b when 
they are extended by E or eP; e is the non-extension of 
black (B) and chocolate. (b). In an ee animal the black 
or chocolate is not extended, and so, since there are no 
black or chocolate hairs present it is seldom possible to 
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tell whether A or a is present. As a result of this inter- 
action of factors the classes e a and e A are necessarily 
small. 
The genotypes carrying B show, in several instances, 
what appears from the per cent of crossingover to be 
linkage. That it is not linkage can be seen by the 
Inequality in numbers of the two non-crossover and the 
two crossover classes. In every case there is an excess 
of Ps. Another proof that this is not linkage is the fact 
that the factors which appear to be linked with B do not 
show any linkage with each other. 
The crossover values between P and C show a great deal 
of variation in the four crosses (See Table I). The cross 
in which the heterozygots male receives his dominant 
factors from his sire shows 52.9 per cent crossingover. 
The cross in which the heterozygous female receives her 
dominant factors from her dam shows only 39.8 per cent 
crossing over. The total of the four crosses is 45.6 per 
cent. Similarly Wright (1928) found that P and C appeared 
to be linked in the F1 females but not in the F1 males. 
When the results from the two sexes were combined the 
appearance of linkage was lost. 
There is no satisfactory explanation at present for 
the discrepancies in size of the two non-crossover and the 
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two crossover classes in the genotypes involving B nor 
for the apparent linkage of P and C. 
Although none of the factors seem to be linked 
there is a possibility that they might be linked in 
certain individuals - if translocation has occurred. 
Translocation is the breaking off of a piece of chromosome 
and the attaching of this piece to another chromosome. 
The test, to see whether translocation has occurred, would 
be to study the offspring of a heterozygous individual 
that had produced a large number of progeny. If trans- 
location has taken place there is a possibility that for 
the individuals studied two factors would be linked. 
The offspring of several individuals heterozygous 
for all six pairs of factors were studied individually. 
None of these gave any positive evidence of translocation 
having taken place. The distribution of factors was 
random as well as the distribution of sex. 
SUMMARY 
The analysis of 1,592 animals for the six factor 
loci P and p, E and e, C and Cr, A and a, B and b, R and r 
show that: 
1. There is no linkage between any of the factors. 
2. There is no evidence of sex-linkage. 
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3. Translocation has not taken place. This 
conclusion was reached after the offspring of individuals 
heterozygous for all six pairs of factors had been 
analyzed individually. 
4. In some instances there is a large discrepancy 
in the numbers of the two non-crossover classes and some- 
times of the two crossovers. The epistatic relationships 
explain some of the discrepancies, but for the others 
there is no satisfactory explanation at present. 
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